Introduction
More than 30 state and regional green programs throughout the United States promote some level of energy efficiency and environmental responsibility for the residential construction industry. Homeowners may find it confusing to determine how green, or energy efficient, their home really is This papers looks at certifying residential construction-specifically, single-family homes-according to the two main national certifying agencies: the United States Green Building Council (USGBC) and the National Association Home Builders (NAHB).
The USGBC has developed Leadership in Energy and Environmental Design (LEED), which applies to most construction and major remodeling projects. For residential construction, LEED for New Construction & Major Renovations (U.S. Green Building Council, 2005) and LEED for Homes (U.S. Green Building Council, 2008) apply. In his paper, ''Post-Design LEED Certification for Commercial and Out of a possible 139 points, a home must score 45 points for basic LEED certification, 60 points for silver designation, 75 points for gold designation, and 90 points for platinum designation. Also required is a minimum number of points in four of the eight major divisions as shown in Table 1 .
Verification for LEED Homes
The contractor is required to hire one of the 30 LEED-for-Homes Providers who manage a team of Green Raters and work under contract with the USGBC. The Green Rater conducts field inspections and performance testing with a minimum of two site visits. The performance tests that are required are Energy Star homes, envelope air leakage, duct leakage and refrigerant charge. Optional tests are outdoor air flow test, exhaust air flow test, and supply air flow test. The Provider or Green Rater verifies all credits earned.
Fees for LEED Homes
Fees range from $50 to $100 for enrollment, $250 to $400 for certification, $300 to $1,000 for the Provider, $100 to $150 for the dry-wall inspection (first inspection by Green Rater), and $350 to $700 for testing (second inspection and document review by Green Rater). The total cost is between $1,050 and $2,350. Subcontractors who are not familiar with LEED for Homes will need training at the job site, which will cost approximately $150 per hour.
NAHB Model Green Building Guidelines

Applicability for Guidelines
The NAHB Model Green Building Guidelines apply only to single-family homes. NAHB was planning to publish a second edition that would have included multiple residential buildings and land development. However, the Association has decided not to publish a second edition and, eventually, will stop supporting the Model Green Building Guidelines in favor of supporting just the National Green Building Standard.
Requirements for Guidelines
The NAHB Model Green Building Guidelines have three prerequisites related to energy efficiency. A total of 237 points are required for bronze designation, which is the lowest certification level; 311 points are required for silver designation; and 395 points for gold designation, which is the highest designation out of approximately 920 total points. Also required are a minimum number of points in all the major divisions for each designation (bronze, silver, and gold) as shown in Table 2 .
Verification for Guidelines
The NAHB Research Center is the sole certifier. The builder submits an online check list to the research center and hires an Accredited Verifier, who conducts Comparison of USGBC LEED for Homes field inspections and performance testing with a minimum of two site visits. The Verifier also verifies all credits earned.
Fees for Guidelines
Fees range from $200 for members to $500 for non-members for certification, $100 to $150 for dry-wall inspection (first inspection by Verifier), and $350 to $700 for testing (second inspection and document review by Verifier). The total cost will be between $650 and $1,250. Subcontractors who are not familiar with the NAHB Guidelines will need training at the site; this training will cost approximately $150 per hour.
National Green Building Standard
Applicability for Standard
The residential portion(s) of any building not classified as an institution is eligible for the National Green Building Standard. Also eligible are subdivisions, building sites, alterations, additions, renovations and remodels, mixed-use residential buildings, and historic buildings.
Requirements for Standard
Approximately 21 total prerequisites are applied to new single-family homes for basic certification: 4 related to resource efficiency, 5 related to energy efficiency, 11 related to indoor environmental quality and 1 related to the owner's education. To receive a bronze designation-the lowest certification level-222 points are required; 406 points are required for silver designation; 558 points for gold; and 697 points for emerald designation, which is the highest designation out of a proposed 1591 total points. Also proposed are a minimum required number of points in all the major divisions for each designation (bronze, silver, gold, and emerald) as shown in Table 3 . 
Verification for Standard
The NAHB Research Center is the sole certifier. The builder submits an online check list to the research center and hires an Accredited Verifier, who conducts field inspections and performance testing with a minimum of two site visits. The Verifier also verifies all credits earned.
Fees for Standard
Fee range from $200 for members to $500 for non-members for certification, $100 to $150 for dry-wall inspection (first inspection by Verifier) and $350 to $700 for testing (second inspection and document review by Verifier). The total cost will be between $650 and $1,250. Subcontractors who are not familiar with the NAHB Guidelines will need training at the job site, which will cost approximately $150 per hour.
Major Divisions
Listed below in Table 4 are the major divisions of the programs, which all have similar divisions. Six of these divisions are identical. Additionally, LEED for Homes has two more divisions-Location and Linkage and Awareness and Education-and the Guidelines have a seventh division-Global Impact. A fundamental difference exists in how LEED and the NAHB Guidelines and Standard describe the major divisions. LEED uses definitions for each major division, whereas the Guidelines and Standard use guiding principles as shown in 
Adjustment for House Size
LEED for Homes and the NAHB Guidelines both adjust for the square footage of the home versus the number of bedrooms as shown in Table 6 . LEED for Homes has a neutral floor size for a given number of bedrooms. For a three-bedroom house, for example, the neutral size of the house would be 1900 square feet. A house with fewer square feet (e.g., a 1500-square-foot three-bedroom house) will require six fewer points for each category-that is, 39 points for certification, 54 points for silver, 69 points for gold, and 84 points for platinum. A house with more square feet (e.g., a 2390-square-foot, three-bedroom house) will need six points more for each category-that is, 51 points for certification, 66 points for silver, 81 points for gold, and 96 points for platinum. Under the Guidelines, as shown in Table 6 , points may be added for Resource Efficiency. The Guidelines have a neutral floor size for a given number of bedrooms. For a three-bedroom house, for example, the neutral size of the house would be 1890 square feet. Therefore, a house that has 1890 square feet or more would receive zero points for Resource Efficiency, and a three-bedroom house with 1482 square feet or less would receive 6 points in this division.
Under the National Green Building Standard, floor plans with fewer than 2500 square feet, regardless of the number of bedrooms, receive Resource Efficiency points Resource Efficiency -Use framing techniques and home designs that effectively optimize the use of building materials. Also, the use of construction waste management concepts.
Indoor Environmental Quality (EQ).
Improvement of indoor air
quality by reducing the creation of and exposure to pollutants.
Indoor Environmental Quality -Effectively manage moisture, ventilation, and other issues in order to create a comfortable indoor living environment.
Awareness & Education (AE). The education of homeowner, tenant, or multifamily building manager about the operations and maintenance of the green features of a LEED Home.
Homeowner Education -Give the homeowner guidance on how to optimally operate and maintain the house.
Location & Linkages (LL). The placement of homes in socially and environmentally responsible ways in relation to the larger community.
Global Impact -Use materials that have impact on the environment prior to occupying the home.
Innovation & Design (ID) Process.
Special design methods, unique regional credits, measures not currently addressed in the Rating System, and exemplary performance levels.
as shown in Table 7 . For floor plans greater than 4000 square feet, additional points are required for bronze, silver, gold, or emerald designations, as shown in Table 7 . (Taggart, 2008) . The data are based on a sample of two model homes in different geographic regions for each of the three green rating systems. The data includes only additional construction-compliance costs for a house valued at $151,063 to $172,745. Programmatic expenses, such as registration, certification and verification, are not included in the costs.
Summary
LEED for Homes, the NAHB Guidelines, and the National Green Building Standard all apply for single-family homes. LEED for Homes and the National Green Building Standard also apply for multi-family units. LEED for Homes requires 18 prerequisites with a minimum number of points in four of the major divisions and minimum total points are required for each designation. The NAHB Guidelines have three requirements and require a minimum number of points for each major division for each designation level. The National Green Building Standard has 21 to 23 requirements and requires a minimum number of points for each major division for each designation level.
LEED for Homes, the NAHB Guidelines and the National Green Building Standard require field inspections with a minimum of two field inspections by either a Green Rater or a Verifier. Performance testing is required by LEED for Homes and the Standard but is optional in the Guidelines. LEED for Homes also requires a Provider to be hired for the project and a Green Rater who reports to the Provider. All credits earned are verified by the Rater or Provider for LEED for Homes and by the Verifier for the Guidelines and Standard.
The total fees for a single-family home range from: $1,050 to $2,350 for LEED for Homes and $650 to $1,250 for both the Guidelines and the Standard. In addition, training costs of about $150 per hour must be factored in for sub-contractors who are not familiar with the requirements.
The major divisions in both LEED and the NAHB Guidelines and Standard are very similar: (1) 
Condition floor area Points
(1) Less than or equal to 1000 square feet 15 (2) Less than or equal to 1500 square feet 12 (3) Less than or equal to 2000 square feet 9 (4) Less than or equal to 2500 square feet 6 (5) Greater than 4000 square feet. An additional one point shall be required in Table 4 to achieve any given rating level for every 100 square feet over 4000
Comparison of USGBC LEED for Homes LEED for Homes, the NAHB Guidelines and the National Green Building Standard provide adjustments for the size of a house. LEED for Homes adjusts the number of total points up or down as required for each designation (certification, silver, gold, or platinum) in relation to the number of bedrooms and the total square footage of the dwelling. The NAHB Guidelines give points under Resource Efficiency for the relationship of the number of bedrooms to the square footage of the dwelling. The Standard awards Resource Efficiency points according to the total square footage of the dwelling and also requires additional points for each designation for dwellings larger than 4000 square feet.
Conclusions
LEED for Commercial and Institutional Projects relies upon the expertise and professionalism of professionals hired by the owner, to meet the requirements for certification or higher designation. On smaller projects that are common for LEED for Homes, the USGBC requires that the owner hire outside professionals to provide the expertise for planning and verification of green projects. The contractor or owner, therefore, must hire a Provider to provide professional expertise for project planning and a Green Rater (supervised by the Provider) to provide field inspections and testing and verification of the points earned.
The NAHB Guidelines and the National Green Standard trust the Homebuilder to provide the expertise and professionalism necessary to run a green project. Neither the Guidelines nor the Standard require hiring a third party such as the LEED for Homes Providers. However, the Guidelines and Standard do require the Homebuilder to hire a third-party Accredited Verifier to provide field inspections and testing for the purpose of verifying points earned.
Third-party inspections and testing of a building's energy efficiency appear critical to a project's success. Testing is required for LEED for Homes and the Standard but is not required by the Guidelines.
In comparing the additional construction costs and programmatic costs such as registration, certification, and verification, the total cost of building a green home seems to be significantly higher for LEED for Homes certification than for certification by the NAHB Guidelines or Standard. The minimum additional cost for certifying a green home with a base price of around $150,000 is about $7,450 for LEED for Homes, $2,550 for the Guidelines, and $2,650 for the Standard.
